Background: Allergen immunotherapy (AIT) is the practice of administering gradually increasing quantities of an allergen extract to an allergic subject to ameliorate the symptoms associated with the subsequent exposure to the causative allergen. It is the only treatment that may alter the natural course of allergic diseases. According to AIT guidelines and summary of product characteristics (SmPCs), the treatment should be carried out for at least 3 years. It is controversially discussed whether subcutaneous or sublingual administration routes cause higher patients' compliance. Methods: German sales data for different preparations of the allergen manufacturer Allergopharma GmbH & Co. KG were retrospectively evaluated for 5 consecutive years, based on prescriptions per patient: pollen sublingual immunotherapy (SLIT) and high-dose hypoallergenic (allergoid) or unmodified depot pollen and mite preparations for subcutaneous immunotherapy (SCIT). To identify patients' compliance, "completed treatment years" were determined. A completed treatment year was defined by the required number of prescribed allergen preparations according to the recommended dosage scheme given in the respective SmPCs. Results: Prescription data of 85,241 patients receiving pollen or mite SCIT and 706 patients receiving pollen SLIT were included in this analysis. Patients' compliance for at least 3 treatment years with high-dose hypoallergenic pollen SCIT was higher when administered perennially (60%) compared to preseasonally (27%). Prescriptions for at least 3 years were received from 42% of patients with pollen SCIT and from 45% of patients with mite SCIT. Compliance with SLIT was lowest with only 16% of patients receiving prescriptions for at least 3 treatment years. Children and adolescents were more compliant than adults, independent of whether they received SLIT or SCIT. Conclusion: In general, patients' compliance with SCIT using high-dose hypoallergenic or unmodified depot preparations was higher than with pollen SLIT. Perennial application of SCIT seems to increase compliance in comparison to the preseasonal application. Children and adolescents were most compliant, independent of the preparation applied.
Introduction
Allergic rhinoconjunctivitis affects between 10% and 30% of the world population, and studies indicate that prevalence rates are increasing worldwide. 1 Its treatment is based on patient education, environmental control and allergen avoidance, pharmacotherapy, and allergen immunotherapy (AIT). 1 AIT is the practice of administering gradually increasing quantities of an allergen extract to an allergic subject to ameliorate the symptoms associated with the subsequent exposure to the causative allergen. 2 It is accepted to be the only causal treatment option that is able to induce an immune correspondence: Anne-Marie egertschmidt Allergopharma gmbh & co., Kg, hermann-Körner-straße 52, 21465 reinbek, germany email anne-marie.egert-schmidt@ allergopharma.com tolerance against allergens, and it should be performed for at least 3 years. 3, 4 For this reason, compliance with AIT is mandatory, as happens for all chronic medical treatment. Subcutaneous immunotherapy (SCIT) represents the standard modality of treatment while the sublingual application (sublingual immunotherapy [SLIT] ) is meanwhile accepted as an alternative 1 -mainly for new high-dose grass pollen preparations. SCIT is administered in the physicians' practice while SLIT can be taken by patients themselves at home. Both treatment options seem to have advantages concerning patients' acceptance: patients receiving SCIT are regularly seen by their physicians who can answer all their questions while SLIT is favorable in patients with time-consuming jobs or activities (eg, sports, traveling).
"Drugs don't work in patients who don't take them." This phrase by C Everett Koop, MD, Surgeon General of the United States from 1982 to 1989, sums up how important it is that patients stay the course of any drug. Few physicians would doubt that the efficacy of a medication itself and patient compliance with the therapeutic regimen both influence the effectiveness of a treatment regimen.
In guidelines dealing with therapy of allergic rhinoconjunctivitis, antihistamines or topical corticosteroids are recommended as the first-line treatment while AIT is only indicated when pharmacotherapy insufficiently controls symptoms. 2 For asthma treatment, the current guidelines recommend AIT even more reluctant. 5 It is generally assumed that pharmacotherapy shows an immediate onset of action, whereas AIT must be applied longer to achieve symptom relief. In contrast to that, new data based on meta-analyses evidenced indirectly but consistently that SCIT is at least as potent as pharmacotherapy such as antihistamines, nasal corticosteroids, or leukotriene antagonists in controlling symptoms of seasonal allergic rhinitis as early as in the first treatment season. 6 This effect is claimed as "treatment of allergic symptoms" by the Guideline on the clinical development of products for specific immunotherapy for the treatment of allergic diseases by the European Medicines Agency. 7 Additional benefits of SCIT are its "sustained effect" (during 2 years or 3 years treatment) [8] [9] [10] [11] and "longterm and disease-modifying efficacy" (eg, prevention of new sensitizations and asthma). [12] [13] [14] According to guidelines, a therapy of at least 3 consecutive years is required to achieve the latter effect. 4 Lack of compliance is even a contraindication for AIT. 15 Allergen-specific immunotherapy should be performed for at least 3 years but many patients stop it prematurely and are therefore noncompliant. The same problem applies to the treatment of other chronic diseases such as epilepsy (noncompliance 46%-88%), diabetes (66%-85%), hypertension (39%-93%), or asthma (37%-92%). 16 The aim of this sales data analysis was to investigate "real life" compliance to SCIT and SLIT in German patients receiving preparations from Allergopharma GmbH & Co., KG, Reinbek, Germany.
Methods
For safety reasons, Allergopharma labels all AIT products in Germany with the patient's name independently of the product's registration status. Therefore, it can be exactly backtracked how many prescriptions each patient has received. Sales data from the Allergopharma enterprise resource planning system (ERP Blending) were analyzed for patients (children, adolescents, and adults) starting SCIT with high-dose hypoallergenic pollen (Allergovit ® ) or house dust mite preparations (Acaroid ® ), unmodified pollen or mite (house dust mites and storage mites) preparations (Novo-Helisen ® Depot), or SLIT with high-dose pollen preparations (AllerSlit ® forte) in Germany. We selected sales data for patients who received their first prescription for SCIT or SLIT in 2007, and we wanted to compare compliance of both administration routes. There was no selection with regard to patients' characteristics, specialization or size of practice of the prescribing physician, allergen(s) administered, or different parts of the country where physicians' budgets for medications may vary. To identify patients' compliance, the number of prescriptions per patient during a 5-year period (2007-2011) was evaluated and based on this "completed treatment years" were determined. A "completed treatment year" was defined by the required number of prescribed packages according to the recommended dosage scheme of each preparation, as specified in the respective summary of product characteristics (SmPCs) ( Table 1 ). The high-dose hypoallergenic pollen preparation Allergovit ® may be administered preseasonally (with seven injections within 6 weeks before the respective pollen season for 3 consecutive years) or perennially (updosing with the preseasonal scheme followed by maintenance therapy every 4-5 weeks for 3 consecutive years). A patient was defined as treated "preseasonally" when he/she received only initial treatment packages over the years. In this case, at least one initial treatment package was necessary per "completed treatment year" to be defined as compliant (Table 1) . A patient was defined as "perennially" treated with Allergovit ® when additionally at least one later maintenance package was prescribed. SCIT with the high-dose hypoallergenic mite preparation Acaroid ® as well as SCIT with the unmodified pollen or mite preparation Novo-Helisen ® Depot are administered perennially. For perennial SCIT, a higher number of prescriptions were necessary per "completed treatment year" (Table 1) ; therefore, maintenance treatment sets containing two vials were counted as two units. High-dose pollen SLIT with AllerSlit ® forte is also administered perennially. As it is taken at home every day by the patient, the number of required prescriptions is highest ( Table 1) .
Patients' compliance was additionally evaluated for the three age groups: children (2-11 years), adolescents (12-17 years), and adults (18 years and older). The age groups were defined according to the ICH E11 guideline Clinical Investigation of Medicinal Products in the Paediatric Population. 17 But there were no children under 5 years of age in our database, as children under 5 years of age are normally not considered as suitable candidates for AIT. 15 This is in accordance with Article 45 of the Pediatric Regulation of the Co-ordination Group for Mutual Recognition and Decentralised Procedures -Human (CMDh). 18 Prescription data from 85,241 patients receiving SCIT with high-dose hypoallergenic or unmodified pollen or mite preparations and 706 patients receiving SLIT with high-dose pollen preparations were included in this analysis ( Table 2 ). Figure 1 shows results for patients' compliance (%) described as "completed treatment years" (within 2007-2011) with SCIT or SLIT receiving pollen ( Figure 1A ) or mite preparations ( Figure 1B ).
Results
Patients' compliance decreased from year to year independently of the preparation or dosage scheme. Patients under SCIT with the high-dose hypoallergenic mite preparation did seem to show slightly lower compliance rates than with the respective pollen preparation. For unmodified SCIT preparations, the compliance rates for at least 3 treatment years were 42% for pollen and 45% for mite preparations.
The compliance rate with pollen SLIT was the lowest: 47% of patients discontinued therapy within the first treatment year, 26% of patients were compliant for at least 2 years, and only 16% of patients received prescriptions for at least 3 treatment years, as recommended ( Figure 1) .
Compliance with SCIT with high-dose hypoallergenic pollen preparations was higher when administered perennially than preseasonally ( Figure 2 ).
Comparing perennial application of pollen preparations (high-dose hypoallergenic SCIT, unmodified SCIT and SLIT) shows that compliance with SCIT was obviously twofold to nearly fourfold higher than with SLIT in the third treatment year ( Figure 3 ).
We also investigated the aspect whether there are different compliance rates with different pollen allergens, eg, grass pollen (long pollination period from May to September) vs tree pollen (short pollination period from March to May) (data not shown). We could not find any difference between the groups.
Patients' age seemed to influence compliance with AIT. Table 3 shows detailed results for compliance with the various preparations in three different age groups including children (5-11 years), adolescents (12-17 years), and adults (18 years). Children were always most compliant independent of the preparation and the treatment year, while adults showed lowest compliance rates. Nevertheless, patients' compliance in the three different age groups reflected the same pattern like in the total population: compliance with high-dose hypoallergenic pollen SCIT was higher when administered perennially than preseasonally; compliance with high-dose hypoallergenic mite or unmodified pollen and mite SCIT was slightly lower than with perennial highdose hypoallergenic pollen SCIT; and compliance with SLIT was the lowest.
Moreover, the compliance in patients treated by pediatricians was higher compared to other physicians, with the same tendencies for SCIT vs SLIT (data not shown).
Discussion
Compliance is the degree of constancy and accuracy with which a patient follows a prescribed regimen. 19 Patients' compliance is one critical aspect concerning the full benefit of medications that can be achieved only if patients follow prescribed treatment regimens reasonably closely. 19 Noncompliance to treatment is a worldwide problem especially in long-term regimens. 20, 21 Lack of compliance is one of the contraindications for AIT since treatment should be performed for 3 years. 15 Though allergic symptoms and intake of rescue medication are already reduced in the first treatment year, only a full course of 3 years of AIT is able to induce increasing efficacy and long-term benefits, and to alter the natural course of allergic diseases. So it was shown that a second-and thirdtreatment year of grass pollen SCIT was able to increase efficacy 9, 22 and that the duration of efficacy after house dust mite SCIT depends upon the duration of therapy. 23 Various trials showed long-term and disease-modifying effects after a 3 years' course of SCIT with reduced symptoms and medication need, 12, 13, 24 reduced asthma prevalence, 14 or reduced onset of new sensitizations 12, 25 for up to 12 years after terminating SCIT.
Since it was shown that greater perceived disease severity is associated with better compliance with medications, 26 one problem might be that allergic diseases are often trivialized.
Patients' expectations are dependent on their knowledge of allergic diseases and the relevant treatment options. Some European surveys showed that most patients with allergic rhinitis were unaware that they are suffering from a medical condition that could be treated successfully. [27] [28] [29] Only one-third has sought help from a health professional. The awareness of AIT was very low, and only 21% of patients were offered AIT in France. 27 Moreover, most patients with allergic diseases consult primary care instead of allergy specialists. 30 According to a large patient sample survey of allergic disorders in Germany, only 7% of patients with rhinitis and 5% of patients with allergic asthma received AIT, mostly performed by specialists. 31 There is still a controversial debate whether SCIT or SLIT might result in higher compliance. Some argue that SLIT with taking the medication at home might improve patients' compliance, while others assume that the regular visits at the physicians' practice for the injections of SCIT provides better compliance. 32, 33 Compliance with treatment is known to be far better in randomized controlled trials than in "real life". 19 we used Allergopharma sales data to evaluate patients' compliance with AIT in the daily practice. To our knowledge, this survey is the largest one investigating patients' compliance with AIT evaluating "real life" sales data of more than 85,000 patients. But as it only focuses on sales data, it has some limitations. The Allergopharma database is a prescription database that does not contain any information about patients' medical history and previous or additional medications. Thus, it is impossible to verify if the AIT groups were matched -eg, for clinical characteristics -when starting AIT. There were far more SCIT patients than SLIT patients in the evaluation because of the later market access of the SLIT preparation. Besides, no prescription implies that the patient really started and/ or finished the respective prescribed package(s). There is a lack of definition in the group with application of highdose hypoallergenic pollen preparations. For this group, it is stated that 100% of preseasonally and perennially treated patients completed at least 1 treatment year. A "preseasonal patient" is defined compliant for at least 1 year, when he/she gets at least one initial treatment package (Table 1) . Preseasonal dropouts during the first year could not be detected as single injections could not be backtracked. Furthermore, patients who should be initially treated perennially, but stopped therapy after receiving one initial treatment package, were not reported as "perennial dropouts" during the first year, but as "preseasonal compliant" patients for at least 1 treatment year. So, the percentage of compliance in the first year might have been overestimated. Therefore, the first year's data of the high-dose hypoallergenic pollen preparations should not be directly compared with the other groups. For all other preparations, this lack of definition did not apply (Figure 1) .
The results on hand indicate that compliance with SCIT is higher than with SLIT independent of whether unmodified or high-dose hypoallergenic SCIT preparations were used, or SCIT was administered preseasonally or perennially. This is in accordance with other surveys conducted in Germany and the Netherlands based on real-life data comparing compliance with SCIT and SLIT. 34, 35 These and another survey in Italy even found an alarming rate of SLIT discontinuation, which was up to 90% at 3 years after prescription. 35, 36 In contrast, another German investigation based on a national prescription database (INSIGHT Health) showed higher compliance rates with grass pollen SLIT than with grass pollen SCIT over 3 years on a per-patient basis. 32 This deviating result might be caused by a different compliance definition in that survey: patients were identified as "persistent" if they renewed their prescription at least once a year, which is not in accordance with the SmPC of the mentioned products. The survey on hand demanded clearly stricter criteria with an obviously higher number of necessary prescriptions per year. This aspect is of special importance if we consider that only the dosage scheme given in the SmPC is the one with proven efficacy in clinical studies. In our survey with more than 13,500 patients starting mite SCIT with high-dose hypoallergenic and unmodified preparations in 2007 compliance was 54% and 45%, respectively, for at least 3 treatment years. Comparable results based on sales data for SLIT with mite preparations in Italy were less than 30% 36 confirming our results that compliance with SCIT is higher than with SLIT regardless of prescribing pollen or mite preparations.
% of compliant patients

Completed treatment years
A 2-year follow-up survey of children' compliance with SLIT showed that withdrawal rate decreased with the number of visits per year. 37 Adequate compliance was reached only in patients called for visits four times per year. Therefore, the pivotal measure to enhance compliance seems to be the frequent control of allergic patients by the physician himself. Similarly, in the analysis on hand, compliance with high-dose hypoallergenic pollen SCIT was higher when administered perennially than preseasonally. This indicates that the perennial treatment schedule seems to allow an improved patient management and may therefore lead to improved patient compliance compared to the preseasonal treatment scheme. Additionally, perennial SCIT with the high-dose hypoallergenic grass pollen preparation Allergovit ® was recently shown to be more effective than the preseasonal application in a double-blind, double-dummy trial with reaching significance in the third treatment year. 38 Therefore, perennial SCIT with high-dose hypoallergenic pollen preparations resulting in more frequent patient-doctor contacts seems to be favorable to achieve higher compliance with higher efficacy. Physicians have a key role in improving patients' compliance.
To our knowledge, this survey is the first comparing patients' compliance with AIT of children (5-11 years), adolescents (12-17 years), and adults (18 years and older). Interestingly, children' compliance was highest while that of adults was lowest. Good compliance among children and adolescents was also found in a smaller study. 39 This is in contrast to results with other medication showing that compliance in general is lower among children and adolescents than in adults. 40 It is well known that genetic factors influence development of allergic diseases, and a high proportion of parents of allergic children also suffer from allergic diseases. 2 We therefore assume that parents' own experiences and disease burden might motivate them to ensure that their children are compliant with AIT. So, they care for that their children follow the prescribed dosage regimen with SLIT at home and they even accompany their child to every injection when receiving SCIT. In general, education of the patient on allergic disease management is essential. Such education and the resulting preferences of patients for certain treatment regimes, which should be respected if possible, are likely to maximize compliance and optimize treatment outcomes. 2, 41 Based on Allergopharma sales data from the German market, we conclude that perennial treatment with high-dose hypoallergenic pollen SCIT seems to be the treatment scheme with the highest patient compliance rates. In addition, SCIT with hypoallergenic or unmodified preparations appears to be superior to SLIT application. Children aged 5-11 years showed the highest compliance rates independent of the preparation applied.
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